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REMARKS 

Claims 1-7 and 14-18 are all the claims presently pending in the application. Claims 1-7, 
14-15 and 17 have been amended to more clearly define the invention. Claims 1, 14-15 and 17 
are independent 

These amendments are made only to more particularly point out the invention for the 
Examiner and not for narrowing the scope of the claims or for any reason related to a statutory 
requirement for patentability. 

Applicants also note that, notwithstanding any claim amendments herein or later during 
prosecution, Applicants intent is to encompass equivalents of all claim elements. 

Entry Of this $1.116 Amendment is proper. Since the Amendments above narrow the 
issues for appeal and since such features and their distinctions over the prior art of record were 
discussed earlier, such amendments do not raise a new issue requiring a further search and/or 
consideration by the Examiner. As such, entry of this Amendment is believed prop er and 
Applicant earnestly solicits entry. No new matter has been added. 

Claims 1-7, 1 1 and 14-18 stand rejected under 35 U.S.C § 102(b) as being anticipated by 
Nishizawa, et al. (U.S. Patent No. 4,939,571). Claims 1- 2, 6 and 14-18 stand rejected under 35 
U.S.C. § 102(e) as being anticipated by Ma, et al. (U.S. Patent No. 6,407,435 Bl). Claims 1, 4 
and 15-18 stand rejected under 35 U.S.C. § 102(b) as being anticipated by Yamazaki (U.S. 
Patent No. 5,094,966). Claims 1-4, 7, and 14-18 stand rejected under 35 U.S.C. § 102(b) as 
being anticipated by Goldman, et al. (U.S. Patent No. 4,151,537). 

These rejections are respectfully traversed in the following discussion. 
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I. THE CLAIMED INVENTION 

The claimed invention is directed to a field effect transistor that includes a substrate, an 
insulating layer and a gate electrode. The substrate includes a source region, a drain region, and a 
channel. The insulating layer is disposed over the channel region and includes an insulating layer 
having an aluminum nitride laver a nd at least one of an aluminum oxide layer, a silicon dioxide 
layer, and a silicon nitride laver disposed over the channel region. The gate electrode is disposed 
over the insulating layer. 

Conventional high dielectric constant gate dielectrics for silicon complementary metal 
oxide semiconductor (CMOS) devices, such as transistors, use a silicon dioxide gate dielectric or 
silicon oxynitride. As CMOS devices miniaturize, scaling laws require that the ratio of 
permittivity and thickness of the dielectric layer also reduce. However, when the layer is below a 
thickness of 1.5 - 1.7 nanometers, the layer starts transmitting an unacceptably high amount of 
leakage current. Additionally, as the layer gets so thin, it also becomes impervious to the 
diffusion of impurities, or dopant atoms. Therefore, the dielectric layer fails to protect the 
underlying silicon substrate. 

By contrast, the present invention includes an insulating layer that has an aluminum 
nitride layer and at least one of an a luminum oxide laver. a silicon dioxide laver. and a silic^ 
nitride lay??. In this manner, the present invention provides a high dielectric constant gate 
dielectric for a CMOS transistor. In comparison with silicon dioxide, whose permittivity is 
restricted to a minimum of 3.8, the permittivity of aluminum nitride i s in the range of 
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approximately 9-16. As a result, the physical thickness can be as much as 2.5 times higher than 
silicon dioxide and yet still maintain the same e/d ratio. Therefore, as a result of the capability of 
having greater thickness, the aluminu m, nitride laver will conduct a far lower leakage current than 
the silicon dioxide layer and will also protect much better against the diffusion of impurities and 
dopants and will better protect the underlying silicon substrate. 

Moreover, as explained in detail in the specification at, for example, page 6, line 20 - 
page 7, line 1 1, the insulating layer which includes an aluminum nitride laver and at least one of 
an aluminum oxide l ayer, a silicon dioxide laver. and a silicon nitride laver has advantages over 
the conventional silicon dioxide layer and an aluminum nitride layer alone . 

BE. THE PRIOR ART REJECTIONS 
A. The Nishizawa et aL reference 

Regarding the rejection of claims 1-7, 1 1 and 14-18, the Examiner alleges that the 
Nishizawa et al. reference teaches the claimed invention. Applicant submits, however, that there 
are elements of the claimed invention which are neither taught nor suggested by these references. 

Contrary to the allegations of the Examiner, the Nishizawa et al. reference does not teach 
or suggest the features of independent claims 1, 14-15 and 17 including an aluminu m nitric 
lam Wd at least one of an aluminum oxide layer, a silicon dioxide laver, and a silicon nitride 
layer. This feature is important for providing a high dielectric constant gate dielectric for a 
CMOS transistor. 
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In comparison with silicon dioxide, whose permittivity is restricted to a minimum of 3.8, 
the permittivity of aluminum nitride is in the range of approximately 9-16. As a result, the 
physical thickness can be as much as 2.5 times higher than silicon dioxide and yet still maintain 
the same e/d ratio. Therefore, as a result of the capability of having greater thickness, the 
aluminum nitride layer will conduct a far lower leakage current than the silicon dioxide layer and 
will also protect much better against the diffusion of impurities and dopants and will better 
protect the underlying silicon substrate. 

Moreover, as explained in detail in the specification at, for example, page 6, line 20 - 
page 7, line 1 1, the insulating layer which includes an aliimipn m nitride layer and at least one of 
an aluminum oxide layer, a silicon dioxide laver. and a silicon nitride laver has advantages over 
the conventional silicon dioxide layer and an aluminum nitride layer alone . 

Rather, the Nishizawa et al. reference discloses an insulated-gate type transistor. In 
particular, the Nishizawa et al. reference discloses an insulating layer 6 with silicon dioxide, 
aluminum oxide, silicon nitride or aluminum nitride (Fig. 1, col. 2, lines 9-10; and col. 3, lines 37 
- 39). Thus, the Nishizawa et al. reference merely discloses that an insulating layer may be made 
QUt ofpny combination of silicon dioxide, aluminum oxide, silicon nitride or aluminum nitride. 

Indeed, the Examiner appears to recognize that fact by asserting that "this phrase covers 
every combination of the four dielectric layers." However, the claims of the present application 
do not recite "every combination of the four dielectric layers." 

To the contrary, the claims of the present application recite an insulating layer which 
1110111(165 an aluminum nitride layer and at least one nf a n aluminum ^xide laver * silicon dioxide 
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layer, and a silicon nitride layer . In other words, while the Nishizawa et al. reference appears to 
disclose a very broad combination of materials , the claims of the present invention recite a 
specific subset of that combination which provides specific advantages . 

It is the specific subset which the claims recite and which are not disclosed by the 
Nishizawa et al. reference and which enables the present invention to provide the advantages 
discussed above, and which the Examiner agrees is not disclosed by the Nishizawa et al. 
reference. 

As agreed by the Examiner, the Nishizawa et al. reference does not provide the benefits 
that the aluminum nitride layer in combination with at least one of an aluminum oxide laver. a 
silicon dioxide laver. and a silicon nitride laver has over conventional silicon dioxide and an 
aluminum nitride layer alone . 

As evidenced by the listing in the Nishizawa et al. reference at coL 2, lines 9-10, appears 
to disclose that silicon dioxide and aluminum nitride are interchangeable . The present invention 
specifically recites an aluminum nitride layer and at least one of an aluminum oxide laver. a 
silicon dioxide layer, and a silicon nitride laver . It is this feature which provides the advantages 
of the invention. Clearly, the Nishizawa et al. reference does not teach or suggest this feature and, 
as a result, the features disclosed by the Nishizawa et al. reference are incapable of p roviding the. 
advantag es of the present invention. 

As explained above, the aluminum nitride in combination with at least one of an 
alumjmim oxide layer, a silicon dioxi de laver. and a silicon nitride laver is important because it 
provides a high dielectric constant gate dielectric for a CMOS transistor. In comparison with 
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Silicon dioxide whose permittivity is restricted to a minimum of 3.8, the permittivity of 
aluminum nitride is in the range of approximately 9-16. As a result, the physical thickness can 
be as much as 2.5 times higher than silicon dioxide and yet still maintain the same e/d ratio. 
Therefore, as a result of the capability of having greater thickness, the aluminum nitride layer 
will conduct a far lower leakage current than the silicon dioxide layer and will also protect much 
better against the diffusion of impurities and dopants and will better protect the underlying 
silicon substrate. 

Moreover, as explained in detail in the specification at, for example, page 6, line 20 - 
page 7, line 1 1, the insulating layer which includes an aluminum nitride layer and at least one of 
an aluminum oxide laver. a silicon di o xide laver. and a silicon nitride laver has advantages over 
the conventional silicon dioxide layer and an aluminum nitride layer alone . 

The Nishizawa et al. reference does not teach or suggest features of the independent 
claims including an aluminum nitride laver and at least nne of an aluminum oxide layer, a silicon 
dioxide la ver. and a silicon nitride lay er 

Therefore, the Examiner is respectfully requested to withdraw this rejection of claims 1-7, 
11 and 14*18. 

B. The Ma et al. reference 

Regarding the rejection of claims 1-2, 6 and 14-18, the Examiner alleges that the Ma et al. 
reference teaches the claimed invention. Applicant submits, however, that there are elements of 
the claimed invention which are neither taught nor suggested by these references. 
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Contrary to the allegations of the Examiner, the Ma et al. reference does not teach or 
suggest the features of independent claims 1 , 1 4- 1 5 and 1 7 including an aluminum nitride laver 
and at least one of an aluminum oxi de laver. a silicon dioxide laver. and a silicon nitride lay e r 

This feature is important for providing a high dielectric constant gate dielectric for a 
CMOS transistor. In comparison with silicon dioxide, whose permittivity is restricted to a 
minimum of 3.8, the permittivity of aluminum nitride is in the range of approximately 9 - 16. As 
a result, the physical thickness can be as much as 2.5 times higher than silicon dioxide and yet 
still maintain the same e/d ratio. Therefore, as a result of the capability of having greater 
thickness, the aluminum nitride layer will conduct a far lower leakage current than the silicon 
dioxide layer and will also protect much better against the diffusion of impurities and dopants 
and will better protect the underlying silicon substrate. 

Moreover, as explained in detail in the specification at, for example, page 6, line 20 - 
page 7, line 1 1, the insulating layer which includes an aluminum nitride laver and at least one of 
an aluminum oxide layer, a silicon dioxide laver. and a s ilicon nitride l»y *r has advantages over 
the conventional silicon dioxide layer and an aluminum nitride layer alone . 

Rather, the Ma et al. reference discloses a multilayer dielectric stack and method of 
producing that stack. The Ma et al. reference discloses a multilayer dielectric stack 1 16 which 
includes an interposing layer 130 between a high dielectric layer 140 and the silicon substrate 
112 (Fig. 2). 

Id a manner similar to the Nishizawa et al. reference, the Ma et al. reference discloses that 
the interposing layer 130 may include aluminum oxide, aluminum nitride, silicon nitride or 
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silicon dioxide (col. 1 , lines 64-67). Thus, the Ma et al. reference merely discloses that an 
insulating layer may be made out of any combination of silicon dioxide, aluminum oxide, silicon 
nitride or aluminum nitride. 

Indeed, the Examiner appears to recognize that fact by asserting that "this phrase covers 
every combination of the four dielectric layers." However, the claims of the present application 
do not recite "every combination of the four dielectric layers". 

To the contrary, the claims of the present application recite an insulating layer which 
includes an aluminum nitride l ayer and at least one of an aluminum oxide laver. a silicon dioxide 
layer, and a silicon nitride layer. In other words, while the Ma et al. reference appears to disclose 
a very broad combinati on of materials, the claims of the present invention recite a specific subset 
of that combination which provides specific advantages . 

It is the specific subset which the claims recite and which are not disclosed by the Ma et 
al. reference and which enables the present invention to provide the advantages discussed above, 
and which the Examiner agrees is not disclosed bv the Ma et al. reference . 

Additionally, the Ma et a l. reference does not disclose the benefits that the aluminum 
nitride layer in combination with a t least one of an aluminum oxide layer, a silicon dioxide laver, 
and a silicon nitride laver has over conventional silicon dioxide and an aluminum nitride layer 
alone . 

As evidenced by the listing in the Ma et al. reference at col. 1, lines 64-67, appears to 
disclose that silicon dioxide and aluminum nitride are interchangeable . Clearly, the Ma et al. 
reference does not provide the advantages of the present invention. 
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As explained above, the aluminum nitride in combination with at least one of an 
aluminum oxide layer, a silicon dioxide layer, and a silicon nitride layer is important because it 
provides a high dielectric constant gate dielectric for a CMOS transistor. In comparison with 
silicon dioxide whose permittivity is restricted to a minimum of 3.8, the permittivity of 
aluminum nitride is in the range of approximately 9-16. As a result, the physical thickness can 
be as much as 2.5 times higher than silicon dioxide and yet still maintain the same e/d ratio. 
Therefore, as a result of the capability of having greater thickness, the aluminum nitride layer 
will conduct a far lower leakage current than the silicon dioxide layer and will also protect much 
better against the diffusion of impurities and dopants and will better protect the underlying 
silicon substrate. 

Moreover, as explained in detail in the specification at 4 for example, page 6, line 20 - 
page 7, line 1 1, the insulating layer which includes an alnmiTmm nitride laver and at least one of 
an aluminum oxide layer, a silico n dioxide layer, and a silicon nitride laver has advantages over 
the conventional silicon dioxide layer and an aluminum nitride layer alone . 

The Ma et al. reference does not teach or suggest features of the independent claims 
including an aluminum nitride la yer and at least one of an aluminum oxide laver. a silicon 
dioxide laver. and a silicon nitride laver . 

Therefore, the Examiner is respectfully requested to withdraw this rejection of claims 1-2, 
6 and 14-18. 
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C* The Yamazaki reference 

Regarding the rejection of claims 1, 4 and 15-18, the Examiner alleges that the Yamazaki 
reference teaches the claimed invention. Applicant submits, however, that there are elements of 
the claimed invention which are neither taught nor suggested by these references. 

Contrary to the allegations of the Examiner, the Yamazaki reference does not teach or 
suggest the features of independent claims 1, 14-15 and 17 including an aluminum nitride laver 
and at le ast one of an aluminum oxide layer, a silicon dioxide laver. and a silicon nitride laver 

This feature is important for providing a high dielectric constant gate dielectric for a 
CMOS transistor. In comparison with silicon dioxide, whose permittivity is restricted to a 
minimum of 3.8, the permittivity of aluminum nitride is in the range of approximately 9 - 16. As 
a result, the physical thickness can be as much as 2.5 times higher than silicon dioxide and yet 
still maintain the same e/d ratio. Therefore, as a result of the capability of having greater 
thickness, the aluminum nitride layer will conduct a far lower leakage current than the silicon 
dioxide layer and will also protect much better against the diffusion of impurities and dopants 
and will better protect the underlying silicon substrate. 

Moreover, as explained in detail in the specification at, for example, page 6, line 20 - 
page 7, line 1 1, the insulating layer which includes an aluminum nitride layer and at least one nf 
an aluminum oxifle foyer, a silicon dioxide laver, and a silicon nitride laye r has advantages over 
the conventional silicon dioxide layer and an aluminum nitride layer alone . 
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Rather, the Yamazaki reference discloses forming a gate insulating layer 5 including a 
silicon oxide layer 5a formed on the substrate and a second insulating silicon or aluminum nitride 
5b formed on the silicon oxide layer 5a (col 4, lines 46-50). 

Therefore, contrary to the Examiner, the Yamazaki reference does not teach or suggest an 
insulating layer which includes an aluminum nitride layer and at least one of an aluminum oxide 
layer, a silicon dioxid e laver. and a silicon nitride laver . In other words, while the Yamazaki 
reference appears to disclose a silicon oxide layer , the Yamazaki reference does not disclose a 
silicon dioxide, an aluminum oxide or a silicon nitride layer. 

Therefore, the Examiner is respectfully requested to withdraw this rejection of claims 1, 4 
and 15-18. 

D. The Goldman et aL reference 

Regarding the rejection of claims 1-4, 7, and 14-18, the Examiner alleges that the 
Goldman et aL reference teaches the claimed invention. Applicant submits, however, that there 
are elements of the claimed invention which are neither taught nor suggested by these references. 

Contrary to the allegations of the Examiner, the Goldman et aL reference does not teach 
or suggest the features of independent claims 1, 14-15 and 17 including an aluminum nitride 
layer and at least one of an aluminu m oxide laver, a silicon dioxide laver. and a silicon nitride 
laver . 

This feature is important for providing a high dielectric constant gate dielectric for a 
CMOS transistor. In comparison with silicon dioxide, whose permittivity is restricted to a 
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minim um of 3.8, the permittivity of aluminum nitride is in the range of approximately 9 - 16. As 
a result, the physical thickness can be as much as 2.5 times higher than silicon dioxide and yet 
still maintain the same e/d ratio. Therefore, as a result of the capability of having greater 
thickness, the aluminum nitride layer will conduct a far lower leakage current than the silicon 
dioxide layer and will also protect much better against the diffusion of impurities and dopants 
and will better protect the underlying silicon substrate. 

Moreover, as explained in detail in the specification at, for example, page 6, line 20 - 
page 7, line 1 1, the insulating layer which includes an alnm^i m nitride laver and at least one of 
an aluminum oxide layer, a silicon dioxide laver. a nd a silicon nitride laver has advantages over 
the conventional silicon dioxide layer and an aluminum nitride layer alone . 

Rather, the Goldman et al. reference discloses insulating layers of silicon nitride 22, 
silicon oxy-nitride 24 and silicon dioxide 26 and that other materials such as aluminum oxide and 
aluminum nitride mavbe subs tituted for any of these layers (col. 2, lines 65-68). 

Therefore, in a maimer similar to the Nishizawa et al. reference and the Ma et al. 
reference, the Goldman et al. discloses that the insulating layers may be made out of any 
gpmbination of silicon nitride, silicon oxy-nitride, silicon dioxide, aluminum oxide and 
aluminum nitride. 

To the contrary, the claims of the present application recite an insulating layer which 
includes an aluminum nitride laver and at least on e of an aluminum oxide laver. a silicon dioxide 
layer, and a silicQp Stride layer . In other words, while the Goldman et al. reference appears to 
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disc 1086 a very broad combination of materials, the claims of the present invention recite a 
specific subset of that combination which provides specific advantages . 

It is the specific subset which the claims recite and which are not disclosed by the 
Goldman et ah reference and which enables the present invention to provide the advantages 
discussed above, and which the Examiner agrees is not disclosed by the Goldman et al. reference. 

Additionally, the Goldman et al. reference does not recognize the benefits that the 
aluminum nitride layer in combination with at l east one of an aluminum oxide laver. a silicon 
dinyide layer, and a silicon nitride laver has over conventional silicon dioxide and an aluminum 
nitride layer alone . 

As evidenced by the listing in the Goldman et al. reference at col. 2, lines 65-68, appears 
to disclose that silicon dioxide and aluminum nitride are interchangeable. Clearly, the Goldman 
et al. reference does not teach or suggest the advantages of the present invention. 

As explained above, the aluminum nitride layer in combination with at least one of an 
aluminum o?qde layer, a silicon dioxide laven and a silicon nitride lay^ r is important because it 
provides a high dielectric constant gate dielectric for a CMOS transistor. In comparison with 
silicon dioxide whose permittivity is restricted to a minimum of 3.8, the permittivity of 
aluminum nitride is in the range of approximately 9 - 16. As a result, the physical thickness can 
be as much as 2.5 times higher than silicon dioxide and yet still maintain the same e/d ratio. 
Therefore, as a result of the capability of having greater thickness, the aluminum nitride layer 
will conduct a far lower leakage current than the silicon dioxide layer and will also protect much 
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better against the diffusion of impurities and dopants and will better protect the underlying 
silicon substrate. 

Moreover, as explained in detail in the specification at, for example, page 6, line 20 - 
page 7, line 1 1 , the insulating layer which includes an aluminum nitride layer and at least one of 
an aluminum oxide layer, a silicon dioxide layer, and a silicon nitride layer has advantages over 
the conventional silicon dioxide layer and an aluminum nitride layer alone . 

The Goldman et al. reference does not teach or suggest features of the independent claims 
including an aluminum nitride layer and at least one of an alumiT^iTn oxide layer, a silicon 
dioxide layer, and a silicon nitride layer . 

Therefore, the Examiner is respectfully requested to withdraw this rejection of claims 1-4, 
7, and 14-18. 

HI. FORMAL MATTERS AND CONCLUSION 

In view of the foregoing amendments and remarks, Applicants respectfully submit that 
claims 1-7 and 14-18, all the claims presently pending in the Application, are patentably distinct 
over the prior art of record and are in condition for allowance. The Examiner is respectfully 
requested to pass the above application to issue at the earliest possible time. 

Should the Examiner find the Application to be other than in condition for allowance, the 
Examiner is requested to contact the undersigned at the local telephone number listed below to 
discuss any other changes deemed necessary in a telephonic or personal interview . 
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